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Abstract. To indentify the best soil management practices, it is necessary to quantify the 
modifications to the soil structure. Three different management practices were compared for short 
time: superficial tillage, medium tillage and conventional deep tillage. Tests were carried out over a 
sandy loam soil in the Higher Institute of Agronomy of Chott Meriem (Tunisia). Tillage was followed 
by a first resumption 10 days after tillage and a second one 20 days after. The studied parameters were 
measured at initial state and after each operation. Soil structure was characterized by its resistance to 
penetration using an electronic penetrometer and its bulk density. In soil tilled by conventional system 
with mouldboard ploughing, soil resistance decreased for a depth of 50 cm. In contrast, medium tillage 
with discs plow showed higher values of soil resistance in both the surface layer (10 cm) and the 
plowing depth (20 cm). Superficial tillage using discs harrow (Offset), showed higher values of soil 
resistance than the other tillage techniques. This study will be followed up to assess the evolution of 
these parameters over time. 
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INTRODUCTION 
 
Characterisation of soil structure in cultivated fields is crucial because the 
importance of this soil characteristic on the physical, chemical and biological processes and 
its repercussions on the root growth and functioning. Soil structure was defined by Dexter 
(1988), as “the spatial heterogeneity of the different components or properties of soil”. Soil 
structure changes with time are mainly due to three factors: effects of tillage operations, 
compaction due to traffic and effects of natural processes such as climate, root growth and 
fauna activity. The combined effects of these processes alter the spatial arrangement, size and 
shape of clods and aggregates and, consequently, the volume of the pore space inside and 
between these particles (Estrade et al., 2004). Moreover, the mechanical stresses affect soil 
volumes, the sizes and locations of which vary from one part of the field to another 
(Manichon, 1988). Therefore, the structure of a cultivated soil varies greatly not only with 
time, but also in space. This spatial variation of soil structure makes the choice of a sampling 
strategy difficult, especially when physical measures are to be done to characterise soil 
behaviour. 
Tillage aims to condition the soil most favorable for the cultivation. All vegetables 
are concerned with the quality of the soil structure and thus with good tillage. A well tilled 
soil is a not compacted soil in depth (20/30 cm) and very soft in surface. The basic technique 
of tillage is plowing. Plowing is a tillage operation which consists in returning the soil so that 
the lower part of the soil is brought to the surface. After plowing, it is often necessary to 
refine the soil surface by a resumption work of the soil (Abrougui et al., 2012). Ploughing is 
still widely practiced in many countries. The main reason is that moldboard ploughing creates 
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a desirable tilth, controls weeds, and buries fertilizers and residues of the preceding crops. It is 
therefore important to study the effect of tillage systems on soil structure. Sandy loam to clay 
loam soils is the most susceptible to surface sealing and crusting (Courty, 1985). The soils are 
moderately deep, well drained brown to dark reddish brown, sandy loam in the topsoil tending 
to sandy clay at the subsoil. They tend to compact when dry but are friable when wet (FAO, 
1997). Little attention has been given to the soil management practices that can address this 
problem for increasing crop productivity (Gicheru et al., 2004). Estrade et al., (2004), studied 
the morphological characterization of soil structure in tilled fields from a diagnosis method to 
the modeling of structural changes over time. This paper describes a new comparison between 
three tillage systems that takes into account the changes in the structure of the tilled layer at a 
plot scale in a short time: Just after tillage and after soil resumption operations. It is based on 
the changes in cone resistance to penetration and bulk density, where the main factors 
responsible for change are tillage system, working depth and natural conditions. 
 
MATERIALS AND METHODS 
 
The study was carried out at the Higher Institute of Agronomy of Chott Meriem 
(Tunisia). The trials were conducted on a 1.7% slope sandy loam soil using a standard two-
wheel-drive tractor equipped with single rear tires and having a total weight of 2,910 kg and a 
power of 59 kW. To study the influence of tillage system on soil physical properties, soil 
resistance to penetration, bulk density and soil crumbling index were studied and we assess 
the evolution of these parameters after each tillage operation. Data were analyzed using the 
statistic software (SPSS). Tillage treatments and replicates were identified as the main effects. 
SNK test at *P ≤ 0.05 was used to distinguish treatment differences. 
Soil tillage was studied under three different systems T1, T2 and T3 and two 
measured variables: soil resistance to penetration (Billot, 1989) and the dry bulk density. A 
resumption of tillage for the three treatments is achieved by two passages of disc harrow 
(offset). 
- Treatment 1 = T1: reduced or minimum tillage using a disc harrow (Offset) at a 
maximum depth of 10 cm + 2 tillage resumptions spaced of 10 days, using a disc harrow; 
- Treatment 2 = T2: medium tillage with disc plowing at a maximum depth of 20 cm + 
2 tillage resumptions spaced of 10 days, using a disc harrow; 
- Treatment 3 = T3: conventional deep tillage with moldboard plowing at a maximum 
depth of 30 cm + 2 tillage resumptions spaced of 10 days, using a disc harrow. 
Samples were collected at three different dates spaced of 10 days: 10 days after 
tillage, 10 days after the first resumption and 10 days after the second resumption, to measure 
suggested physical indicators of soil quality.  
The evaluation of soil compaction is based on the determination of soil resistance to 
penetration (Vitlox and Loyer, 2002). This method is more sensitive than the bulk density to 
characterize the differences in soil compaction (Allen and Musick, 1997). The measurements 
of soil resistance to penetration were performed using an electronic penetrometer, also called 
penetrologger, each 10 cm at a depth of 50 cm. Soil water content was measured jointly. 
Soil density (g/cm
3
) was measured by a soil cylindrical core (diameter = 5 cm, height = 5 cm) 
taken with a cylinder densimeter, the sample was collected every 10 cm, at a depth of 30 cm. 
We then obtained the dry mass of the sample after drying in a stove at a temperature of 105° 
C for 24 hours (Yoro and Godo, 1990). 
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RESULTS AND DISCUSSIONS 
 
Examination of results (Fig. 1) of the three treatments compared to the initial state 
can reveal a decrease in soil resistance to penetration after passage of the different tools.  
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Fig. 1. Evolution of soil resistance to penetration after tillage (operation 1), first resumption (operation 
2) and second resumption (operation 3) for minimum (T1), medium (T2) and deep (T3) tillage systems 
 
This shows the effect of tillage and specifically the adopted tillage system on soil 
resistance to penetration. In comparison with minimum (T1) and disc plowing tillage (T2), the 
deep conventional tillage (T3) like moldboard plowing, improved the soil structural state by 
decreasing its resistance to penetration after each operation (tillage, first resumption and 
second resumption). Measurements were performed at a depth of 50 cm at three different 
dates spaced of 10 days. 
Soil resistance to penetration was lower under conventional plowing than under disc 
plowing (medium) and minimum tillage treatment. It is important to note that the highest 
value of soil resistance to penetration was found in the 40–50 cm horizon corresponding to 
the treatment 1. The mechanical action of deep tillage promotes the development of pores 
which improves soil structure by turning the plowed strip and displacing of clods located in 
the soil surface.  
Statistical analyses of the data at *P <0.05 show significant effects of the treatment, 
the performed operation and the depth on the soil resistance (Tab. 1). 
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Tab. 1  
ANOVA results for the soil resistance to penetration data 
 
Source of variation D.F. M.S. 
Treatment 
Operation 
Depth 
Treatment*Operation 
Error 
3 
2 
5 
6 
144 
19.94** 
13.04** 
23.48** 
1.88** 
0.1 
**: significant at the 5% level. 
 
Regarding the dry bulk density, examination of average profiles of the three 
treatments compared to initial state and the first measurement date, shows a decrease in bulk 
density under the three treatments, therefore increasing soil porosity (Fig. 2).  
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Fig. 2. Evolution of soil bulk density after tillage (operation 1), first resumption (operation 2) and 
second resumption (operation 3) for minimum (T1), medium (T2) and deep (T3) tillage systems 
 
At the initial state of untilled soil, bulk density was 2.2, 2.3 and 2.5 g/cm
3
 
respectively at 10, 20 and 30 cm of depth. Comparing values by depth level, showed 
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significant differences between T1, T2 and T3 on horizons located between 10 and 30 cm. 
The minimum tillage (treatment 1) shows a dense horizon characterizing a compacted soil in 
depth following passages of the set tractor-tool. Soil compaction often alters soil properties 
(Strudley et al., 2008), resulting changes in plant available water (Gomez et al., 2002). The 
moldboard plow is the most flexible tool in relation to soil moisture during tillage but it is 
exigent in time and energy, leaving very little residues on the surface, even when the plowing 
is trained. The discs harrow (Offset) relatively requires little time and energy per tilled unit of 
area (Abrougui and Chehaibi, 2012). Indeed, the dry bulk density decreased from one 
operation to another for the three studied tillage systems and the lowest averages were still 
presented by the deep conventional tillage system.  
Statistical analyses of the data at *P <0.05 show significant effects of the treatment, 
the performed operation and the depth on bulk density (Tab. 2). 
 
Tab. 2  
ANOVA results for the bulk density data 
 
Source of variation D.F. M.S. 
Treatment 
Operation 
Depth 
Error 
3 
2 
2 
71 
3.05** 
0.25** 
0.05NS 
0.05 
**: significant at the 5% level; NS: not significant 
 
CONCLUSION 
 
The characterization of the soil resistance to penetration and the bulk density give 
essential indications about soil quality and vulnerability in relation to degradation events 
mainly connected with environmental conditions and allow the prediction of the changes that 
can be expected following soil structural modifications induced by tillage systems, or 
following soil degradation due to compaction, formation of surface crusts, etc.  The results of 
this study confirmed that conventional ploughing allowed the more relevant improvement of 
soil physical properties in short term resulting in reducing both soil resistance to penetration 
and bulk density after tillage operations. Future work should be focused on the study of the 
impact of tillage systems on soil biological activity and the promotion of research on 
productivity of some cultures under these tillage managements over time.  
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